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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a display device of a field 
sequential system capable of suppressing a color breakup. 
SOLUTION: The display device converts original picture data of 
red, green, and blue each into four color picture data of red, green, 
blue, and white based on a comparison result of the number of 
display gradations among individual color picture data, to perform 
color display while making. the input of the converted picture data 
synchronize with each timing of light emission of backlight in red, 
green, blue, and white. When such three color picture data are 
converted into four color picture data based on the number of 
display gradations, the color breakup is suppressed by setting the 
predetermined number of display gradations according to the 
comparison result of red, green, and blue, distributing the 
predetermined number of display gradations to sub-frames where a 
mixed color (white) is displayed, and displaying the difference in the 
sub-frames of the monochromatic light (red, green, blue). 
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red, green, blue, white luminescence timing and red, green, and blue changed, and white generated, and 
performing color display within each frame. 

[Claim 5] Said comparison means detects the number of the minimum display gradation of the number 
of display gradation in red, green, and the pixel data corresponding to each blue. Said pixel data 
modification means It is the display according to claim 4 which changes into the pixel data which have 
the number of display gradation which deducted the number of the minimum display gradation which 
detected red, green, and the pixel data of each blue from the original number of display gradation, and 
generated the pixel data of the white which has the number of the minimum display gradation which 
detected said pixel data generation means. 

[Claim 6] It is supposed to said comparison means that the number of the minimum display gradation of 
the number of display gradation in red, green, and the pixel data corresponding to each blue is detected. 
It has a setting means to set up the predetermined number of display gradation still lower than the 
detected number of the minimum display gradation. Said pixel data modification means It is the display 
according to claim 4 with which it changes into the pixel data which have the number of display 
gradation which deducted said predetermined number of display gradation for red, green, and the pixel 
data of each blue from the original number of display gradation, and said pixel data generation means 
generated the pixel data of the white which has said predetermined number of display gradation. 
[Claim 7] A display given in any of claims 4-6 which obtained the luminescent color of said white by 
mixing of luminescence from the red light source, green light source, and the source of blue glow they 
are. 

[Claim 8] A display given in any of claims 4-6 which obtained the luminescent color of said white by 
luminescence from the source of the white light they are. 

[Claim 9] A display given in any of claims 1-8 whose sum total time amount of all subframes is 1 / 60 
seconds or less they are. 



[Translation done.] 
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[0006] That such a problem should be solved, this invention person etc. uses a ferroelectric liquid crystal 
component with the speed of response high-speed as a liquid crystal device to impression electric field 
or an antiferroelectncity liquid crystal device, and is developing the liquid crystal display of the field ' 
sequential method which performs color display by carrying out time-sharing luminescence of the same 
pixel by the three primary colors. 

[0007] Such a liquid crystal display realizes color display by combining the liquid crystal panel using 
the ferroelectric liquid crystal component in which a high-speed response is possible or 
antiferroelectncity liquid crystal device of hundreds - several microsecond order, and the back light with 
which red, green, and blue glow can emit light by time sharing, and synchronizing switching of a liquid 
crystal device, and luminescence of a back light. When a ferroelectric liquid crystal component or an 
antiferroelectncity liquid crystal device is used, since liquid crystal molecules are [ as opposed to / 
irrespective of / the existence of applied voltage / a substrate (glass substrate) ] always parallel, an angle 
of visibili ty becomes very large, and it does not become a problem practically. Furthermore, when red 
green and the back light by the blue light emitting diode (LED) are used, it becomes possible to adjust a 
color-balance by controlling the cunent passed to each LED. 

[0008] DmwingJO is a timing diagram which shows the conventional display control in such a liquid 
22£ dlSp ^' m dmwinfUO (a), the red of a back light (LED), green, the luminescence timing of 

and djawmgJO (b) show the scan timing of each Rhine of a liquid crystal panel, and drawing 
10 (c) shows the coloring condition of a liquid crystal panel, respectively. One frame is dividedhuT 
hree subframes and blue LED is made for green LED to emit [ in / for red LED / the 3rd subframe 1 
mnnm Jt subframe in the 1 st subframe, respectively, as shown in drawing 10 (a) 
[( 5 0n * e other , han d> to a liquid crystal panel, a data scanning is twice performed into red, green 
and the subframe of each blue color as shown in diawingJO (b). However, timing is adjusted so that the 
initiation timing (timing to the 1st line) of the 1st scan (data write-in scan) may be in agreement with the 
initia ion timing of each subframe, and so that the termination timing (timing to last Rhine) of the 2nd 
scan (data elimination scan) may be in agreement with the termination timing of each subframe If it is 
in a data wnte-in scan, the electrical potential difference according to pixel data is supplied to each pixel 
of a liquid crystal panel, and adjustment of permeability is performed. A full color display is attained by 
this. Moreover if it is in a data elimination scan, the electrical potential difference of reversed polarity is 
supplied to each pixel of a liquid crystal panel on the time of a data write-in scan, and this electrical 
potential difference, the display of each pixel of a liquid crystal panel is eliminated, and impression of 
the dc component to liquid crystal is prevented 
[0010] 

[Problem(s) to be Solved by the Invention] in order to use luminescence of the light source for a display 
as it is, without using a color filter while being able to perform the display with more high definition 
easily since the display of a field sequential method which was mentioned above does not need a sub- 
picture element compared with the display of a color filter method, the efficiency for light utilization 
which is excellent in the foreground-color purity from which high brightness is obtained is high and a 
low power -etc. -it has an advantage. 5 ' 

[001 1] however , since the image of three colors which have a time difference in the case of look 
migration in order to display by change red , green , and the luminescent color by the blue light source 
m the display of a field sequential method do not lap with the point same about on human being retina 
there be a problem that the phenomenon in which a different foreground color from an original image be 
call the color breaking rise ( color breakup or color separation ) recognize although it be an instant arise 

generating ^ ^ * COl ° r " * * necessary to ^ attention t0 

[0012] This invention is made in view of this situation, and it aims at offering the display of the field 
sequential method which can aim at control of a color breaking rise 

IknLl?^ PWP ? SeS °l lh l S ? Venti0n arC t0 ° ffer the dis P la y of the field se£ l uential ™thod which can 
also inhibit generating of a flicker ,t not only to be able to to aim at control of a color breaking rise, but. 
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[Means for Solving the Problem] When the number of display gradation is small, the following 
explanation is the cases where a bright display is performed, when the number of display gradation is 
large, and when reverse, it should just correspond a dark display suitably based on the concept of this 
invention. The display concerning the 1st invention switches two or more luminescent color of the light 
source with time within one frame. In the display of the field sequential method which the luminescence 
timing and the pixel entry of data of each luminescent color of each luminescent color are synchronized, 
and performs color display A means to make the mixed color which one frame was divided [ mixed 
color ] into more numbers than the number of said two or more luminescent color of subframes, and 
mixed said two or more luminescent color in some subframes in this subframe emit light, A comparison 
means to compare the number of display gradation in the pixel data corresponding to each luminescent 
color, A pixel data modification means to change the pixel data of each luminescent color based on the 
comparison result in this comparison means, It has a pixel data generation means to generate the pixel 
data of said mixed color based on the comparison result in said comparison means. It is characterized by 
synchronizing the pixel entry of data which the pixel data which the luminescence timing of said each 
luminescent color and said mixed color and each luminescent color changed, and said mixed color 
generated, and performing color display within each frame. 

[0015] In the display of a field sequential method which the luminescent color of the light source is 
changed with time, and the luminescence change and supply of the pixel data of each luminescent color 
are synchronized, and performs color display if it is in the 1st invention Divide one frame into more 
numbers than the number of the luminescent color of subframes, and it carries out to making the mixed 
color of two or more luminescent color emit light in the at least one subframe. Moreover, the number of 
display gradation in the pixel data corresponding to each luminescent color is compared. Based on the 
comparison result, while changing the pixel data of each luminescent color, supply of the pixel data 
which generated and changed the pixel data of a mixed color, and the generated pixel data is 
synchronized with luminescence of each luminescent color and a mixed color, and color display is 
performed. Therefore, in order to display without time difference the mixed component of two or more 
luminescent color depended on the time difference display which is the easiest to recognize a color 
breaking rise, a color breaking rise is controlled. 

[0016] The display concerning the 2nd invention is set to the 1st invention. Said comparison means The 
number of the minimum display gradation of the number of display gradation in the pixel data 
corresponding to each luminescent color is detected. Said pixel data modification means It changes into 
the pixel data which have the number of display gradation which deducted the number of the minimum 
display gradation which detected the pixel data of each luminescent color from the original number of 
display gradation, and said pixel data generation means is characterized by generating the pixel data of 
said mixed color which has the detected number of the minimum display gradation. 
[0017] If it is in the 2nd invention, the number of the minimum display gradation of the number of 
display gradation in the pixel data corresponding to each luminescent color is detected. While changing 
into the pixel data of each luminescent color which has the number of display gradation which deducted 
the number of the minimum display gradation which detected the pixel data of each luminescent color 
from the original number of display gradation (the pixel data after modification are set to 0 (black 
display) in the luminescent color which has the number of the minimum display gradation of the pixel 
which shows the number of the minimum display gradation) The pixel data of the mixed color which 
has the detected number of the minimum display gradation are generated, and color display is performed 
using them. Therefore, modification processing of the pixel data of each luminescent color and 
generation processing of the pixel data of a mixed color can be performed easily. 
[0018] The display concerning the 3rd invention is set to the 1st invention. Said comparison means It is 
supposed that the number of the minimum display gradation of the number of display gradation in the 
pixel data corresponding to each luminescent color is detected. It has a setting means to set up the 
predetermined number of display gradation still lower than the detected number of the minimum display 
gradation. Said pixel data modification means It changes into the pixel data which have the number of 
display gradation which deducted said predetermined number of display gradation for the pixel data of 
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each luminescent color from the original number of display gradation, and said pixel data generation 
means is characterized by generating the pixel data of said mixed color which has said predetermined 
number of display gradation. 

[0019] If it is in the 3rd invention, the predetermined number of display gradation is set up, while 
changing into the pixel data of each luminescent color which has the number of display gradation which 
deducted the predetermined number of display gradation for the pixel data of each luminescent color 
from the original number of display gradation, the pixel data of the mixed color which has the 
predetermined number of display gradation are generated, and color display is performed using them. 
Therefore, in the 3rd invention, even if it is in the luminescent color which is the number of the 
mimmum gradation, a color breaking rise can be controlled, without not setting the modification pixel 
data to 0, and a flicker occurring. 

[0020] The display concerning the 4th invention switches two or more luminescent color of the light 
source with time within one frame. In the display of the field sequential method which the luminescence 
timing and the pixel entry of data of each luminescent color of each luminescent color are synchronized, 
and performs color display A comparison means to divide one frame into red, green, blue, and four 
subframes that make each white emit light, and to compare the number of display gradation in red, 
green, and the pixel data corresponding to each blue, A pixel data modification means to change red, 
green, and the pixel data of each blue based on the comparison result in this comparison means, It has a 
pixel data generation means to generate the pixel data corresponding to white based on the comparison 
result in said comparison means. It is characterized by synchronizing the pixel entry of data which the 
pixel data which red, green, blue, white luminescence timing and red, green, and blue changed, and 
white generated, and performing color display within each frame. 

[0021] The 4th invention is the example which is in the 1st invention and made the mixed color white 
for each luminescent color as red, green, and blue. Namely, one frame is divided into red, green, blue, 
and four subframes that make each white emit light in the 4th invention. The number of display' 
gradation in red, green, and the pixel data corresponding to each blue is compared. Based on the 
comparison result, while changing red, green, and the pixel data of each blue, supply of the pixel data 
which generated and changed white pixel data, and the generated pixel data is synchronized with 
luminescence of red, green, blue, and white, and color display is performed. Therefore, in order to 
display without time difference the red by the time difference display which is the easiest to recognize a 
color breaking rise, green, and the pixel data of the white which is a blue mixed color, a color breaking 
rise is controlled. 

[0022] The display concerning the 5th invention is set to the 4th invention. Said comparison means The 
number of the minimum display gradation of the number of display gradation in red, green, and the pixel 
data corresponding to each blue is detected. Said pixel data modification means It changes into the pixel 
data which have the number of display gradation which deducted the number of the minimum display 
gradation which detected red, green, and the pixel data of each blue from the original number of display 
gradation, and said pixel data generation means is characterized by generating the pixel data of the white 
which has the detected number of the minimum display gradation. 

[0023] The 5th invention is the example which is in the 2nd invention and made the mixed color white 
for each luminescent color as red, green, and blue. Namely, in the 5th invention, the number of the 
minimum display gradation of the number of display gradation in red, green, and the pixel data 
corresponding to each blue is detected. While changing into red, green, the red that has the number of 
display gradation which deducted the number of the minimum display gradation which detected the 
pixel data of each blue from the original number of display gradation, green, and the pixel data of each 
blue (the pixel data after the red of a pixel who has the number of the minimum display gradation green 
and modification [ which / blue ] are set to 0 (black display)) The pixel data of the white which has the ' 
detected number of the minimum display gradation are generated, and color display is performed using 
them. Therefore, red, green, modification processing of the pixel data of each blue, and generation 
processing of white pixel data can be performed easily. 

[0024] The display concerning the 6th invention is set to the 4th invention. Said comparison means It is 
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supposed that the number of the minimum display gradation of the number of display gradation in red, 
green, and the pixel data corresponding to each blue is detected. It has a setting means to set up the 
predetermined number of display gradation still lower than the detected number of the minimum display 
gradation. Said pixel data modification means It changes into the pixel data which have the number of 
display gradation which deducted said predetermined number of display gradation for red, green, and the 
pixel data of each blue from the original number of display gradation, and said pixel data generation 
means is characterized by generating the pixel data of the white which has said predetermined number of 
display gradation. 

[0025] The 6th invention is the example which is in the 3rd invention and made the mixed color white 
for each luminescent color as red, green, and blue. That is, in the 6th invention, the predetermined 
number of display gradation is set up, while changing into red, green, the red that has the number of 
display gradation which deducted the predetermined number of display gradation for the pixel data of 
each blue from the original number of display gradation, green, and the pixel data of each blue, the pixel 
data of the white which has the predetermined number of display gradation are generated, and color 
display is performed using them. Therefore, in the 6th invention, even if it is in any of the red who has 
the number of the minimum gradation, green, and blue they are, a color breaking rise can be controlled, 
without not setting the modification pixel data to 0, and a flicker occurring. 

[0026] The display concerning the 7th invention is characterized by setting they being [ any of the 4th - 
the 6th invention ], and obtaining the luminescent color of said white by mixing of luminescence from 
the red light source, green light source, and the source of blue glow. 

[0027] If it is in the 7th invention, luminescence from the red light source, green light source, and the 
source of blue glow is mixed, and the white luminescent color is obtained. Therefore, white 
luminescence is attained using the light source of the existing three-primary-colors luminescence. 
[0028] The display concerning the 8th invention is characterized by setting they being [ any of the 4th - 
the 6th invention ], and obtaining the luminescent color of said white by luminescence from the source 
of the white light. 

[0029] If it is in the 8th invention, the white luminescent color is obtained by luminescence from the 
source of the white light. Therefore, it is possible to reduce the power consumption at the time of white 
luminescence. 

[0030] The indicating equipment concerning the 9th invention is set they to be [ any of the 1st - the 8th 
invention ], and is characterized by the sum total time amount of all subframes being 1 / 60 seconds or 
less. 

[0031] If it is in the 9th invention, the time amount for 1 / 60 seconds or less, i.e., one frame, is 1 / 60 
seconds or less, and the so-called full movie display by the video rate of the sum total time amount of all 
subframes becomes possible. 
[0032] 

[Embodiment of the Invention] Hereafter, this invention is concretely explained with reference to the 
drawing in which the gestalt of the operation is shown. In addition, this invention is not limited to the 
gestalt of the following operations. 

[0033] First, about the principle of this invention, a liquid crystal display is made into an example and 
explained. If shown in the liquid crystal display of the field sequential method which makes a user check 
a desired color by looking by mixing of two or more colors with time difference as a result of this 
invention person's etc. considering a color breaking rise in a detail, when two or more colors were red, 
green, and blue, for example and it was look migration, in red, green, and the white display with which 
blue [ all ] are mixed, it turned out that a color breaking rise arises most strongly. Moreover, it also 
turned out that a color breaking rise becomes is easy to be recognized as brightness became high. 
[0034] So, in this invention, while comparing the number of gradation of the pixel data of two or more 
colors and changing red, green, and blue pixel data based on the comparison result, white pixel data are 
generated and color display is performed using those pixel data. 

[0035] DrawingJ, is a timing diagram which shows the display control in the liquid crystal display of 
this invention, in drawingj, (a), the red of a back light, green, blue, white luminescence timing, and 
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drawing! (b) show the scan timing of each Rhine of a liquid crystal panel, and drawin g 1 (c) shows the 
coloring condition of a liquid crystal panel, respectively. One frame is divided into four subframes and 
white is made for blue to emit [ in / for red / the 3rd subframe / in / for green / the 4th subframe ] light in 
the 2nd subframe in the 1 st subframe, respectively, as shown in drawing 1 (a) 
[0036] On the other hand, to a liquid crystal panel, a data scanning is twice performed into red green 
blue and the subframe of each white color as shown in drawingj. (b). However, timing is adjusted so' 
that the initiation timing (timing to the 1st line) of the 1st scan (data write-in scan) may be in agreement 
with the initiation timing of each subframe, and so that the termination timing (timing to last Rhine) of 
the 2nd scan (data elimination scan) may be in agreement with the termination timing of each subframe 
tt it is in a data write-in scan, the electrical potential difference according to pixel data is supplied to 
each pixel of a liquid crystal panel, and adjustment of permeability is performed. A full color display is 
attained by this. Moreover, if it is in a data elimination scan, the electrical potential difference of 
reversed polarity is supplied to each pixel of a liquid crystal panel on the electrical potential difference 
ol the same magnitude as the time of a data write-in scan, the display of each pixel of a liquid crystal 
panel is eliminated, and impression of the dc component to liquid crystal is prevented 
[0037] The red of the origin in each pixel, green, and the pixel data of three blue colors are changed into 
red, green blue and the pixel data of four white colors here based on the number of display gradation of 
the pixel data of each color, and the electrical potential difference according to the conversion pixel data 
is supplied. As the technique of changing the pixel data of such three colors into the pixel data of four 
colors based on the number of display gradation, the two following technique (the 1st technique the 2nd 
technique) is possible. M 
[0038] Dmwjng^ is drawing showing an example for explaining the 1st technique of changing red 
green, and the pixel data of three blue colors into red, green, blue, and the pixel data of four white ' 
colors, the red (R) of origin [ in / in drawing^ (a) / each frame ] - green - the red (R) after conversion 
[ ml the number of display gradation of (G) and blue (G) pixel data is shown, and / in drawing 2 (b) / 
each frame ] -- green - the number of display gradation of (G), blue (G), and white (W) pixel data is 
shown. In each frame, the number of display gradation of red, green, and blue pixel data is compared 
and the number of the minimum display gradation is detected. For example, in the first frame shown in 
dmwingl (a), the number of display gradation of the data of a green display is the lowest. In this case 
in the subframe of a red display and a blue display, the red display and blue display according to the ' 
number of disp ay gradation which deducted the number of display gradation of a green display from the 
number of display gradation of the red display before a comparison and a blue display are performed 
respectively. Moreover, in the subframe of red, green, and the white display that is a blue mixed colo'r 
the white display according to the number of display gradation of a green display is performed In ' 
addition, also in the subframe of a green display, although the green display according to the number of 
disp ay gradation which deducted the number of display gradation of a green display from the number of 
display gradation of the green display before a comparison will be performed, since the deducted 
number of display gradation is set to 0, generally this serves as a black display. Hereafter same 
processing is performed in each frame. 

[0039] By such 1st technique, if the number of display gradation of two or more colors (red green blue) 
is compared, the number of the minimum display gradation is distributed to the subframe as which'a 
mixed color (white) is displayed and it is in the subframe of the homogeneous light (red, green blue) a 
color breaking rise is controlled by displaying difference. ' 
[0040] DmwingJ is drawing showing an example for explaining the 2nd technique of changing red 
green, and the pixel data of three blue colors into red, green, blue, and the pixel data of four white ' 
color^the red (R) of origin [ in / in drawing^ (a) / each frame ] - green - the red (R) after conversion 
[ ml die number of display gradation of (G) and blue (G) pixel data is shown, and / in drawing 3 (b) / 
each frame ] -- green - the number of display gradation of (G), blue (G), and white (W) pixel data is 
shown. In each frame, the number of display gradation of red, green, and blue pixel data is compared, 
the number of the minimum display gradation is detected, and the predetermined number of display 
gradation still lower than the number of the minimum display gradation (the broken line of drawing 3 (a) 
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shows) is set up. For example, with the first frame shown in drawing 3 (a), although the number of 
display gradation of the data of a green display is the lowest, the predetermined number of display 
gradation somewhat lower than this is set up. And in the subframe of a red display, green display, and 
blue display, a red display [ according to the number of display gradation which deducted the set-up 
predetermined number of display gradation from the number of display gradation of a red display / 
before a comparison /, green display, and blue display ], green display, and blue display is performed, 
respectively. Moreover, in the subframe of red, green, and the white display that is a blue mixed color, 
the white display according to the set-up predetermined number of display gradation is performed. 
Hereafter, same processing is performed in each frame. 

[0041] By such 2nd technique, if the predetermined number of display gradation is set up according to 
the comparison result of the number of display gradation of two or more colors (red, green, blue), the 
set-up predetermined number of display gradation is distributed to the subframe as which a mixed color 
(white) is displayed and it is in the subframe of the homogeneous light (red, green, blue), a color 
breaking rise is controlled by displaying difference. Although the pixel data about which the 
luminescent color (any of red, green, and blue are they?) are set to 0 and a flicker becomes easy to 
happen by the 1st technique mentioned above, by this 2nd technique, neither of the luminescent color 
(red, green, blue, white) is set to 0, and generating of a flicker is also controlled [ the luminescent color ] 
for pixel data. 

[0042] As mentioned above, the display according to the number of display gradation which is common 
in the pixel data of each luminescent color (red, green, blue) in the indicating equipment of this 
invention Distribute to the subframe of a mixed color (white) display of each luminescent color (red, 
green, blue), and it sets to the subframe of each luminescent color (red, green, blue). By performing the 
display according to difference, the mixed color (white) of each luminescent color (red, green, blue) by 
the time difference display which is the easiest to recognize a color breaking rise can be displayed in 
those without time difference, and control of a color breaking rise is attained. Moreover, by displaying 
difference with the pixel data before a comparison in the subframe of each luminescent color (red, green, 
blue), compared with the display of the conventional field sequential method mentioned above, the 
momentary brightness of each luminescent color (red, green, blue) also becomes small, and can control a 
color breaking rise also at this point. 

[0043] It is drawing showing the example of a configuration of the LED array whose drawing 7 is the 
light source of a back light at the mimetic diagram in which the block diagram in which drawing 4 
shows the circuitry of the liquid crystal display of this invention, and drawing 5 show the typical 
sectional view of the liquid crystal panel and a back light, and drawing 6 shows the example of a 
configuration of the whole liquid crystal display, and a list. 

[0044] In drawing ! , 21 and 22 show the liquid crystal panel and back light with which cross-section 
structure is shown in drawing^ , respectively. The back light 22 consists of red, green, LED array 7 that 
emits light in each blue color, and a light guide and the optical diffusion plate 6 as shown in drawing 5 . 
[0045] A liquid crystal panel 21 carries out the laminating of the polarization film 1, a glass substrate 2, 
the common electrode 3, a glass substrate 4, and the polarization film 5 at this order, and consists of 
upper layer (front face) sides at the lower layer (tooth back) side, and the pixel electrode (pixel 
electrode) 40 and 40 - which were arranged in the shape of a matrix are formed in the field by the side 
of the common electrode 3 of a glass substrate 4 as shown by drawing 5 and drawing 6 . 
[0046] These common electrodes 3 and pixel electrodes 40 and 40 - In between, the mechanical 
component 50 which consists of the data driver 32 and scanning driver 33 grade which are mentioned 
ater is connected. The data driver 32 is connected with TFT (Thin Film Transistor)41 through the signal 
line 42, and the scanning driver 33 is connected with TFT41 through the scanning line 43. The data 
driver 32 and the scanning driver 33 turn on/control [ off] TFT41. Moreover, TFT41 turns on/controls 
[ off] each pixel electrode 40 and 40 --. Therefore, the transmitted light reinforcement of each pixel is 
controlled by the signal from the data driver 32 given through a signal line 42 and TFT41 . 
[0047] Pixel electrodes 40 and 40 on a glass substrate 4 - The orientation film 12 is arranged on the top 
face, the orientation film 1 1 is arranged on the inferior surface of tongue of the common electrode 3 
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respectively, these orientation film 11 and 12 is filled up with the liquid crystal matter, and the liquid 
crystal layer 13 is formed. In addition, 14 is a spacer for holding the thickness of the liquid crystal layer 
13. 

[0048] A back light 22 is located in the lower layer (tooth back) side of a liquid crystal panel 21, and it 
has LED array 7 in the condition of having made the end face of the light guide which constitutes a 
luminescence field, and the optical diffusion plate 6 attending, the field which counters with a light 
guide and the optical diffusion plate 6 as this LED array 7 is shown in drawing 7 - the three primary 
colors (R), i.e., red, -- green - LED which emits light in each color of (G) and blue (B) - one by one - 
a target - and it is arranged repeatedly. And LED of red, green, and blue is made to emit light in each 
subframe of red, green, and blue, respectively, and all LED of red, green, and blue is made to emit light 
in a white subframe. By being spread to a top face, a light guide and the optical diffusion plate 6 
function as a luminescence field while carrying out the light guide of the light which emits light from 
each LED of this LED array 7 on the surface of [ whole ] self. 

[0049] Here, the example of a liquid crystal panel 21 is explained. First, it is the following, and the 
liquid crystal panel 21 shown in drawing 5 and drawing 6 was made and produced. After washing the 
pixel electrode 40, and the TFT substrate which has 40 -- (3.2 inches of vertical angles of the shape of a 
matrix with 640x480 pixels) and the glass substrate 2 which has the common electrode 3, about 200 A 
polyimide film was formed as orientation film 1 1 and 12 by applying polyimide and calcinating at 200 
degrees C for 1 hour. 

[0050] Furthermore, rubbing of these orientation film 1 1 and 12 was carried out with the cloth made 
from rayon, where a gap is held among both with the spacer 14 with a mean particle diameter of 1.6 
micrometers made from a silica, it piled up, and the empty panel was produced. Between the orientation 
film 11 of this empty panel, and 12, the ferroelectric liquid crystal matter which has the spontaneous 
polarization which uses naphthalene system liquid crystal as a principal component was enclosed, and it 
considered as the liquid crystal layer 13. the magnitude of the spontaneous polarization of the enclosed 
ferroelectric liquid crystal matter - 6 nC/cm2 it was . With the polarization films 1 and 5 of two sheets 
of a cross Nicol's prism condition, when the ferroelectric liquid crystal molecule of the liquid crystal 
layer 13 inclined to one side, the produced panel was inserted into it as it changed into the dark 
condition, and was used as the liquid crystal panel 21. 

[0051] This liquid crystal panel 21, and red, green, blue and the back light 22 in which white time- 
sharing luminescence is possible were piled up. The luminescence timing and the luminescent color of 
this back light 22 are controlled synchronizing with data writing / elimination scan of a liquid crystal 
panel 21. 

[0052] In drawing 4 , image data DD for a display is inputted from an external personal computer, and 
37 is the number comparator circuit of gradation which compares the red of each pixel, green, and the 
blue number of display gradation, and outputs the comparison result to the pixel data-conversion circuit 
38. Based on the comparison result of the inputted number of display gradation, according to the 1st 
technique or 2nd technique mentioned above, the pixel data-conversion circuit 38 changes the image 
data of the red in each inputted pixel, green, and blue into red, green, blue, and the pixel data of each 
white, and outputs the changed pixel data PD to the image memory section 30. 
[0053] 31 is a control signal generating circuit which a synchronizing signal SYN is inputted from a 
personal computer, and generates a control signal CS and the data reversal control signal DCS. From the 
image memory section 30, the data reversal control signal DCS is outputted for the pixel data PD to the 
data inverter circuit 36 from the control signal generating circuit 31, respectively. The data inverter 
circuit 36 generates reverse pixel data #PD which reversed the inputted pixel data PD according to the 
data reversal control signal DCS. 

[0054] Moreover, from the control signal generating circuit 31, a control signal CS is outputted to the 
reference voltage generating circuit 34, the data driver 32, the scanning driver 33, and the back light 
control circuit 35, respectively. The reference voltage generating circuit 34 generates, outputs the 
reference voltage VR 1 which generated reference voltages VR1 and VR2 to the data driver 32, and 
outputs reference voltage VR 2 to the scanning driver 33, respectively. The data driver 32 outputs a 
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signal to the signal line 42 of the pixel electrode 40 based on the pixel data PD which received from the 
image memory section 30 through the data inverter circuit 36, or reverse pixel data #PD. Synchronizing 
with the output of this signal, the scanning driver 33 scans the scanning line 43 of the pixel electrode 40 
on a target one by one for every Rhine. Moreover, the back light control circuit 35 carries out time 
sharing of the LED of each color of green [ which give driver voltage to a back light 22 and LED array 7 
of a back light 22 has / the red and green ], and blue, and is made to emit light, respectively. 
[0055] Next, actuation of the liquid crystal display concerning this invention is explained. Image data 
DD for a display is inputted into the number comparator circuit 37 of gradation, and the pixel data- 
conversion circuit 38 from a personal computer. In the number comparator circuit 37 of gradation, the 
red of each pixel, green, and the blue number of display gradation are compared, and the comparison 
result is outputted to the pixel data-conversion circuit 38. Based on the comparison result of the number 
of display gradation, according to the 1st technique or 2nd technique, red, green, and blue pixel data are 
changed into the pixel data PD of red, green, blue, and white, and are outputted to the image memory 
section 30 in the pixel data-conversion circuit 38. 

[0056] By the 1st technique, as shown in drawin g^ , in each frame, the number of display gradation of 
red, green, and blue pixel data is compared, the number of the minimum display gradation is detected 
and while generating the red who deducted the number of the minimum display gradation from the 
original number of display gradation, green, and the pixel data of each blue, the pixel data of the white 
which has the number of the minimum display gradation are generated. 

[0057] Moreover, by the 2nd technique, as shown in drawing 3 , the predetermined number of display 
gradation lower than the number of the minimum display gradation of the red who detected in each 
frame, green, and blue pixel data is set up, and while generating the red who deducted the predetermined 
number of display gradation from the original number of display gradation, green, and the pixel data of 
each blue, the pixel data of the white which has the predetermined number of display gradation are 
generated. 

[0058] Thus, the pixel data PD of green [ which were generated / the red and green ], blue, and white are 
sent to the image memory section 30. When the image memory section 30 receives the control signal CS 
outputted from the control signal generating circuit 31 once it memorized this pixel data PD, it outputs 
this pixel data PD. In case the pixel data PD are given to the image memory section 30, a synchronizing 
signal SYN is given to the control signal generating circuit 31, and the control signal generating circuit 
31 generates and outputs a control signal CS and the data reversal control signal DCS when a 
synchronizing signal SYN is inputted. The pixel data PD outputted from the image memory section 30 
are given to the data inverter circuit 36. 

[0059] The data inverter circuit 36 passes the pixel data PD as it is, when the data reversal control signal 

outputted from the control signal generating circuit 31 is L level, and when the data reversal 
control signal DCS is H level on the other hand, it generates and outputs reverse pixel data #PD 
Therefore, in the control signal generating circuit 31, the data reversal control signal DCS is made into L 
level at the time of a data write-in scan, and the data reversal control signal DCS is set as H level at the 
time of a data elimination scan. 

[0060] The control signal CS generated in the control signal generating circuit 31 is given to the data 
driver 32, the scanning driver 33, the reference voltage generating circuit 34, and the back light control 
circuit 35. When a control signal CS is received, the reference voltage generating circuit 34 generates 
outputs the reference voltage VR 1 which generated reference voltages VR1 and VR2 to the data driver 
32, and it outputs reference voltage VR 2 to the scanning driver 33, respectively. 
[0061] The data driver 32 outputs a signal to the signal line 42 of the pixel electrode 40 based on the 
pixel data PD outputted from the image memory section 30 through the data inverter circuit 36 or 
reverse pixel data #PD, when a control signal CS is received. The scanning driver 33 scans the 'scanning 
line 43 of the pixel electrode 40 on a target one by one for every Rhine, when a control signal CS is 
received. TFT41 dnves according to the output of the signal from the data driver 32, and the scan of the 
scanning dnver 33, the pixel electrode 40 is impressed, and the transmitted light reinforcement which is 
a pixel is controlled. ■ • • - 
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[0062] When a control signal CS is received, the back light control circuit 35 carries out time sharing of 
the LED of each color of green [ which give driver voltage to a back light 22 and LED array 7 of a back 
light 22 has / the red and green ], and blue, makes it emit light, and it carries out sequential 
luminescence of red light, green light, blue glow, and the white light with time. Under the present 
circumstances, red, green, and coincidence luminescence of LED of each blue color have realized the 
white light. 

[0063] The display control in the liquid crystal display of this invention is performed according to the 
timing diagram shown in drawmgj. . In addition, in this example, the display of 60 frames is performed 
in 1 second, using frame frequency as 60Hz. Therefore, the period of one frame becomes 1 / 60 seconds 
and each of each subframes of the red who quadrisected this one frame, green, blue, and white becomes' 
1 / 240 seconds. 

[0064] And in each subframe from the 1st to the 3rd, make LED of red, green, and blue emit light, 
respectively, and it sets to the 4th subframe. White is made for blue to emit [ in / for red / the 3rd ' 
subframe / in / for green / the 4th subframe ] light in the 2nd subframe by making all LED of red, green 
and blue emit light, m the 1 st subframe, respectively, as shown in drawing 1 (a). Color display is' 
performed by switching each pixel of a liquid crystal panel 21 per Rhine synchronizing with sequential 
luminescence of such each color. " 

[0065] In addition, although he is trying to make white blue emit [ in / for red / the 3rd subframe / in / 
for green / the 4th subframe ] light in the 2nd subframe in this example in the 1st subframe, respectively 
the sequence of each of this color may be not only the order of this red, green, blue, and white but other ' 
sequence. 

[0066] On the other hand, to a liquid crystal panel 21, a data scanning is twice performed into red green 
blue and the subframe of each white color as shown in drawing 1 (b). However, timing is adjusted so 
that the initiation timing (timing to the 1st line) of the 1st scan (data write-in scan) may be in agreement 
with the initiation timing of each subframe, and so that the termination timing (timing to last Rhine) of 
J e 2nd scan ( data elimination scan) may be in agreement with the termination timing of each subframe 
[0067] If it is in a data write-in scan, the electrical potential difference according to the pixel data PD is 
supplied to each pixel of a liquid crystal panel 21, and adjustment of permeability is performed A full 
color display is attained by this. Moreover, if it is in a data elimination scan, the electrical potential 
difference of reversed polarity is supplied to each pixel of a liquid crystal panel 21 on the time of a data 
write-in scan, and this electrical potential difference, the display of each pixel of a liquid crystal panel 
2 1 is eliminated, and impression of the dc component to liquid crystal is prevented. 
[0068] As a result of performing color display of a field sequential method as mentioned above and 
evaluating the display image, when pixel data are changed according to which approach of the 1st 
technique and the 2nd technique, the color break rise has not been recognized, and the color break rise 
was not accepted at all in the image with many white displays. However, it was checked in the case 
where pixel data are changed according to the 1st technique that the flicker has occurred. On the other 
hand, in the case where pixel data are changed according to the 2nd technique, it did not generate but 
such a flicker has realized the very good display. 

[0069] Color display of a field sequential method was performed according to the conventional sequence 
(Irame frequency is 60Hz and each of each subframes of red, green, and blue is 1 / 1 80 seconds) shown 
in oiawmglO on the other hand to the liquid crystal display which combined the same back light as the 
liquid crystal panel which produced the liquid crystal panel same as an example of a comparison as the 
example of this invention mentioned above, and was produced, and the example of this invention in 
which red, green, and blue time-sharing luminescence are possible. As a result of evaluating the display 
image, the color break rise has been recognized and the color break rise was remarkable in the image 
especially with many white displays. 

[0070] Other examples of a configuration of this invention are explained. The block diagram in which 
drawmgj shows other circuitry of the liquid crystal display of this invention, and drawing 9 are 
drawings showing other examples of a configuration of the light source of a back light. Although red 
green, and coincidence lighting of the blue light source realized white luminescence in the example ' 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje ! 0/26/2006 



JP,2002-318564,A [DETAILED DESCRIPTION] 



Page 11 of 11 



mentioned above, lighting of the source of the white light realizes white luminescence in this example. 
[0071] Red light source 70a, green-light-source 70b, source of blue glow 70c, and 70d of sources of the 
white light are arranged by this order in the light guide and the optical diffusion plate 6, and the field 
that counters as the light source 70 used for the back light 22 of this example is shown in drawing 9 . 
And such red light source 70a, green-light-source 70b, source of blue glow 70c, and 70d of sources of 
the white light are made to emit light in each subframe of red, green, blue, and white, respectively. 
[0072] In addition, although the number of display gradation of red, green, and each pixel data of three 
blue colors is compared and it was made to change into red, green, blue, and white pixel data in the 
example mentioned above based on the comparison result, the number of display gradation to compare 
should just be two or more colors in two or more luminescent color. For example, when the luminescent 
color is three colors of red, green, and blue, the number of display gradation of pixel data is compared 
with red as it is green, and it changes into red, green, blue, and yellow pixel data, and may be made to 
perform red, green, blue, and color display corresponding to a yellow subframe. 
[0073] Moreover, if it is as a liquid crystal ingredient also in the liquid crystal display using the 
antiferroelectricity liquid crystal matter which similarly has spontaneous polarization, or a nematic 
liquid crystal when a field sequential method performs color display although the ferroelectric liquid 
crystal matter was used, of course, this invention is applicable similarly. 

[0074] Moreover, even if it is other indicating equipments, such as a digital micro mirror device (DMD), 
of course [ although the liquid crystal display was explained as an example ], this invention is 
applicable, if it is the indicating equipment which was made to perform color display by the field 
sequential method similarly. 
[0075] 

[Effect of the Invention] As mentioned above, in this invention, since the pixel data of a mixed color are 
generated, these pixel entries of data are synchronized with luminescence of each luminescent color and 
a mixed color and it was made to perform color display while comparing the number of display 
gradation of the pixel data of each luminescent color and changing the pixel data of each luminescent 
color based on the comparison result, a color breaking rise can be controlled in the indicating equipment 
of a field sequential method. 

[0076] Moreover, set up the predetermined number of display gradation and the pixel data of the mixed 
color which has the predetermined number of display gradation while changing into the pixel data which 
have the number of display gradation which deducted the predetermined number of display gradation for 
the pixel data of each luminescent color from the original number of display gradation are generated. 
Since these pixel entries of data are synchronized with luminescence of each luminescent color and a 
mixed color and it was made to perform color display, even if it is in the luminescent color which is the 
number of the minimum gradation, a color breaking rise can be controlled without not setting the 
modification pixel data to 0, and a flicker occurring. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. ° 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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[Drawing 9] 
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[Drawing 4] 
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[Drawing 6] 
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